diagnosis, treatment, or procedure for LUTS. Provider awareness may improve the detection and treatment of LUTS, and improve patient care and quality of life. UROLOGY 83: 312-319, 2014.
Manifestations of lower urinary tract symptoms (LUTS) include storage (eg, increased daytime frequency, incontinence), voiding (eg, weak stream, hesitancy), and postmicturition (eg, dribbling) symptoms. LUTS can negatively impact health-related quality of life in men and women, including work productivity, social and family relationships, and sleep quality. 1, 2 The prevalence of LUTS is predicted to grow in the coming decades as the population ages. 3 Previous research has demonstrated an association between depression/anxiety and LUTS, although the direction of the causal pathway is not well-elucidated and may be bidirectional. [4] [5] [6] [7] In multiple cross-sectional studies that varied by gender, race/ethnicity, and source population, mental illness, particularly depression was associated with an increased risk of LUTS. 2, 7 A prospective study of Finish men showed a unidirectional effect of depressive symptoms increasing the incidence of moderate or severe nocturia by 2.8 times compared to men who were not depressed. 4 Another prospective longitudinal study examining urinary incontinence in women supported a unidirectional relationship and found that major depression led to increased odds of incident incontinence. 8 Previous research has also demonstrated an association between post-traumatic stress disorder (PTSD) and LUTS. 6 In particular, several studies have shown that patients with a history of physical or sexual abuse have an increased prevalence of LUTS. 6, 9 The mechanisms underlying the association between mental illness and LUTS likely include several disparate, but interrelated psychological and physiologic pathways. 6 Over 2 million Americans have served in the Iraq and Afghanistan conflicts (Operation Iraqi Freedom [OIF], Operation Enduring Freedom [OEF], and Operation New Dawn [OND]) and over half of the 1.5 million who are eligible for Department of Veterans Affairs (VA) health care have enrolled in VA care upon returning from deployment. 10 Over half of the VA-enrolled OEF/OIF/OND veterans have received one or more mental health diagnoses, the most common of which is PTSD, followed by depression. 11 Nevertheless, the association of mental health disorders and LUTS in veterans has received minimal study despite the fact that benign prostatic hypertrophy (BPH) and LUTS were the most common primary and secondary out-patient urologic diagnoses made among users of VA facilities. 12 The main purpose of this study was to determine the prevalence and correlates of LUTS among a national sample of male and female Iraq and Afghanistan veterans. Although LUTS is thought to predominantly occur in older men and women, we hypothesized that because of the high prevalence of mental health problems among younger Iraq and Afghanistan veterans and the probable association of mental health problems and LUTS, the prevalence of LUTS would be higher than in other age-matched populations. We also hypothesized that in comparison with veterans with other mental health diagnoses, those with PTSD would have significantly higher rates of LUTS.
METHODS

Study Population
We identified the study population using the VA National OEF/OIF/OND Roster, an accruing database of veterans who have returned from recent military service in Iraq and Afghanistan and have enrolled in the VA health care system. We examined administrative data from 744,135 Iraq and Afghanistan veterans who entered VA health care from October 7, 2001, to March 31, 2010, (after their most recent deployment) and were followed for 2 years until March 31, 2012. The final study population consisted of 519,189 OEF/OIF/OND veterans. We excluded veterans with <2 years of follow-up time before the study end date of March 31, 2012 (n = 213,033). We also excluded veterans ≥65 years (n = 87) and those with psychiatric prescriptions, but no psychiatric diagnosis (n = 9230 2) (n = 740) were excluded as malignancy workup and treatment may result in increased LUTS diagnoses, use of LUTS medications, and LUTS-related diagnostic procedures. In addition, we excluded those with spinal cord injuries because of the high degree of concomitant bladder dysfunction (n = 1072). Finally, we excluded patients with incomplete information on key covariates (n = 784). The study was approved by the Committee on Human Research, University of California, San Francisco and the Human Research Protection Program at the San Francisco VA Medical Center.
Data Source
The VA OEF/OIF/OND Roster contains demographic and military service information. The Roster was linked to 2 other national administrative databases: (1) the VA National Patient Care Database to obtain information on VA clinic visits and associated clinical diagnoses and procedures, and (2) the VA Decision Support System to obtain detailed pharmacy records.
Study Variables
Dependent Variables-LUTS Diagnosis Codes, Medications, and Procedures. Through medical literature review and consensus of co-authors (BNB, BEC, KHS), we identified ICD-9-CM codes that represented LUTS ( Table 1) . We identified medications prescribed to treat LUTS through VA pharmacies during the study period: alpha 1 adrenergic antagonists (doxazosin, tamsulosin, terazosin), 5-alpha reductase inhibitors (finasteride, dutasteride), and anticholinergics (oxybutynin, tolterodine). Prazosin, a nonspecific alpha blocker commonly used to treat PTSD-related nightmares, was not included because it could produce misclassification bias. We determined whether patients had 1 or more of the following procedures that are associated with LUTS: cystoscopy (52000), urodynamics (51727, 51728, 51729, 51797, 51784, 51785, 51741), and transurethral resection of the prostate (52450, 52601, 52648). Because LUTS diagnoses have a relatively low prevalence and may not be consistently coded in the medical record, we created a binary composite outcome variable for LUTS (yes/no) that captured ≥1 of the following: LUTS diagnostic codes, prescription medications for LUTS, or LUTS-associated procedures.
Independent Variables-We identified mental health diagnoses using ICD-9-CM diagnoses (290-319) corresponding to the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) classifications. 13 Mental health diagnoses were categorized into 3 mutually exclusive groups: (1) no mental health diagnosis, (2) mental health diagnoses excluding PTSD, and (3) PTSD diagnoses with or without other mental health diagnoses. We did not create a separate category for PTSD alone because the vast majority of individuals with PTSD have comorbid mental health disorders and clinicians working in the large number of specialized PTSD clinics in the VA may not always code comorbid disorders. 14 To adjust for potential confounding, we included sociodemographic information (eg, age, race/ethnicity, and marital status), military service information including component type (Active Duty vs National Guard or Reserve), branch of service, rank (officer vs enlisted), and number of deployments (1 vs ≥2). In addition, we used ICD-9-CM clinical diagnoses to adjust for comorbid conditions that have been associated with LUTS and mental health diagnoses, 15, 16 alcohol use disorders (303, 305.00-305.03), substance use disorders (304, 305.20-305.93), smoking (305.1), diabetes mellitus (250, 357.2), and hypertension (401-405); and prescription medications that may contribute to LUTS (ie, antidepressants, antipsychotics, and opioids for chronic pain). Opioid use was defined as receiving a prescription opioid medication for more than 30 days.
Statistical Analysis
We used descriptive statistics to characterize the population. Generalized estimating equations using a Poisson distribution and robust error variance were used to model the relative risk of LUTS, with psychiatric medication use as a time-varying covariate to account for veterans initiating and stopping medications during the study period. 17 The models were then adjusted for sociodemographic, military service, comorbid disease, and opioid medication use. As a sensitivity analysis, we adjusted for the number of primary care clinic visits to control for effects of increased medical care utilization in patients with mental health disorders. The adjustment did not produce clinically important changes in the risk estimates. We chose a P value of <.01 as our threshold for statistical significance, given the large sample size. Analyses were conducted using SAS software 9.3 (SAS Institute Inc, Cary, NC) and STATA 12.1 (Statacorp, College Station, TX).
RESULTS
Of 519,189 Iraq and Afghanistan veterans, 88% were men and the mean age was 31.8 years (standard deviation ± 9.3), 53% were non-white, 45% were married, 42% had served in the National Guard/Reserve forces, and 36% had served ≥2 deployments. A substantial proportion had been prescribed antidepressants (26%), opioid medications (7%), and antipsychotics (6%) ( Table 1 ).
The overall prevalence of the composite LUTS outcome among all veterans was 2.2% (11,237/519,189) . The prevalence of LUTS outcome increased with age for both men and women (Table 2) . Overall, compared with veterans aged 18-24, those aged 55-64 were 7.4 times (6.85-8.01, P <.001) more likely to have a LUTS diagnosis.
The prevalence of LUTS diagnosis, prescription, or related procedure was significantly higher in veterans with PTSD with and without other mental health diagnoses (3.5%) compared with veterans with no mental health diagnoses (1.3%) or a mental health diagnosis other than PTSD (3.1%, P <.001, Table 3 ). Table 4 demonstrates that veterans with PTSD have over 2 times the risk for LUTS than those with no mental health disorders after adjusting for potential multiple sociodemographic factors, military service characteristics, comorbid conditions, and medication use. The risk for LUTS was only slightly higher in veterans with PTSD than in those with a mental health diagnosis other than PTSD. In the fully adjusted model, compared with veterans with non-PTSD mental health diagnoses, those with PTSD had a 6% increased risk of having an LUTS outcome. Of all other covariates analyzed, prescription opioid use was the covariate most strongly associated with the composite LUTS outcome.
COMMENT
To our knowledge, this is the first report of the prevalence and correlates of LUTS in a large population of returned Iraq and Afghanistan veterans enrolled in VA health care program. Among this population of relatively young veterans (mean age of 32 years), those with mental health diagnoses had a significantly increased risk of receiving a LUTS diagnosis, being prescribed medication for LUTS, and undergoing procedures to evaluate or treat LUTS. In fully adjusted models, both men and women veterans with PTSD were more than twice as likely to have LUTS using the composite outcome than veterans without mental health disorders. However, risk of LUTS among veterans with PTSD was only slightly higher than for veterans with other mental health diagnoses.
The overall prevalence of LUTS in our cohort, defined by LUTS diagnostic codes, or LUTS-related prescription use or procedures or any combination thereof, was lower than in similar aged populations that assessed LUTS with ICD-9 coding 18 or self-administered questionnaires. 19, 20 For example, based on over 1 million health care seeking men and women in Taiwan, the prevalence of LUTS coded by insurance claims among 18-29 year olds was 4.3%, whereas in this veteran cohort aged 18-34 years, only 1.3% had a LUTS outcome. In a random sample of healthy Norwegian men aged 20-29 years, 4.1% reported moderate or severe LUTS (defined as an International Prostate Symptom Score ≥8). These discrepancies in prevalence may reflect the sensitivity of the outcome measures, a resistance of veterans to discuss urinary problems, or a true difference in prevalence. Despite differences in prevalence in the present cohort, it is noteworthy that veterans with PTSD were more than twice as likely to have LUTS using the composite outcome than veterans without mental health disorders.
Previous population-based investigations have demonstrated an association between mental illness and LUTS 2,7,21 and 2 prospective studies suggest mental illness promotes LUTS and not vice versa. 4, 8 In the largest published study on mental health disorders and urinary incontinence in female veterans, investigators performed a cross-sectional study of 968 women with a mean age of 38 years old from 2 midwestern U.S. VA Medical Centers. 22 PTSD (odds ratio [OR] = 1.8, 95% confidence interval [CI] = 1.0-3.1), but not depression (OR = 1.2, 95% CI = 0.73-2.0) was associated with urgency/mixed urinary incontinence. Similarly, we found increased risk of LUTS in women with PTSD; however, we also found that patients with mental health diagnoses excluding PTSD had nearly a two-fold increased risk of LUTS. The prior study used validated self-report instruments to classify and better characterize urinary complaints, which corroborated our findings based on administrative data. In another case-control study of female VA enrollees, patients referred to a LUTS clinic (n = 121) were compared to those seen in a primary care clinic (n = 1298). The LUTS evaluation group was associated with higher rates of psychiatric comorbidities (64.5% vs 25.9%, P <.001) and sexual trauma history (49.6% vs 20.1%, P <.001) when compared to the primary care group. 23 A number of possible biological mechanisms may explain the relationship between mental illness and LUTS. Serotonin (5-hydroxytryptamine [5-HT]) has been implicated in the pathogenesis of PTSD, depression, and LUTS. 6 5-HT is a monoamine neurotransmitter that is downregulated in the cerebrospinal fluid and blood of depressed patients. 6 Strong evidence for 5-HT's role in the pathophysiology of depression comes from the use of selective 5-HT uptake inhibitors to successfully treat depression. In animal models of depression, down-regulation of 5-HT produces increased urinary frequency and ablating 5-HT neurons causes overactive bladder. 6 One dual 5-HT/norepinephrine uptake inhibitor, duloxetine, which increases 5-HT and norepinephrine availability, has been shown to increase bladder capacity and sphincter tone without interfering with the normal micturition cycle in animal models. 24 In clinical trials in humans, duloxetine (approved for the treatment of depression and anxiety) has demonstrated modest benefit for treatment of overactive bladder, 25 postprostatectomy incontinence, 26 and female stress incontinence. 27 Another mechanism explored by researchers that may explain the relationship between mental illness and LUTS involves corticotropin-releasing factor (CRF). 6,28 CRF regulates both endocrine and autonomic reactions to stress. In addition, CRF is a neuromodulator in the micturition pathway from Barrington's nucleus (pontine micturition center) to the preganglionic parasympathetic neurons in the lumbosacral spinal cord, which mediates the micturition reflex. Data from animal models examining CRF role in voiding have been conflicting with some demonstrating that increased CRF release in response to stress may cause cystometric overactivity, 28 whereas others have shown minimal direct effect of CRF on LUTS symptoms. 29 In addition to examining the association of mental health diagnoses and LUTS, we evaluated several other sociodemographic and medical factors. Our data showed that patients receiving prescription opioids were significantly more likely to have LUTS. Limited research exists on the role opioids play in the development of LUTS. Opioids may interact with sacral cord receptors causing parasympathetic outflow inhibition leading to detrusor hypocontractility. The relationship of opioids to LUTS may also represent confounding by indication in which chronic pain (for which opioids are prescribed) has an independent association with LUTS. In addition, prescription opioid use has been associated with mental health problems in Iraq and Afghanistan veterans. 30 Future research is needed to tease apart these interrelated covariates in regard to LUTS. Some limitations should be considered in evaluating our findings. Our measures were based on administrative, pharmacy, and procedural code data, which may have failed to capture some clinical or subclinical problems that might have otherwise been detected through validated self-report instruments. Thus, we were unable to investigate the effect of mental illness on different subtypes of LUTS, such as overactive bladder or urinary hesitancy. In addition, use of administrative data may have caused us to miss prevalent LUTS in this population. LUTS may be underreported during clinical encounters both because young predominantly male veterans fail to report lower urinary tract problems because of embarrassment and because clinicians do not routinely ask younger patients about LUTS. In addition, our findings in this treatment-seeking population of Iraq and Afghanistan veterans may not generalize to other veterans, either those from prior eras, or those who receive care outside of the VA system, although the VA provides care to the majority of recently returned combat veterans. 10 However, in a sensitivity analysis, adjustment for health services utilization did not appreciably change the relative risk of LUTS. Finally, because this was a cross-sectional design, we were not able to infer causality. Future prospective longitudinal studies are needed to determine the direction of the association between mental health problems and LUTS as well as the impact of mental health treatment on physical outcomes, such as LUTS. Moreover, basic science and translational studies with animal models may help to further elucidate the complex neuroendocrine underpinnings that may drive the relationship between mental health problems and LUTS.
CONCLUSION
In this study of relatively young returning veterans, having a mental health diagnosis increased the risk of receiving a diagnosis, treatment, or procedure for LUTS. Provider awareness of this association may improve future treatment and patient care. Urology. Author manuscript; available in PMC 2014 August 06.
